Although the use of tributyltin and triphenyltin is legally prohibited in several countries, they are still left in harbors and bays where fishing boats and yachts are anchored. Recently these organotin compounds are recognized as endocrine disrupting chemicals which damage the sexuality of biological species.
1,2 Therefore it is necessary to develop a conventional method to determine the organotin compounds.
Organotin compounds have been determined by several methods: gas chromatography (GC) with an electron capture detector (ECD) or a tin filter flame photometric detector (FPD), and GC coupled with an atomic absorption spectrometer or atomic emission detector (AED). [3] [4] [5] In gas chromatography-atomic absorption spectrometry (GC-AAS), packed columns are widely used, while fused silica capillary columns are used in few cases. Table 1 exemplifies the determination of organotin compounds by capillary column GC atomic spectrometry. Among these references, few papers 7, 11 describe in detail the interface between a GC column and an atomic absorption spectrometer furnace. This paper describes the simple construction of a capillary column GC-atomic absorption spectrometer and the determination of the organotin compounds in seawater by GC-AAS.
Experimental
Apparatus and instrumentation Figure 1 shows a schematic diagram of the analytical system. The system was assembled with a GL Sciences Incorporated GC-353 gas chromatograph (Tokyo, Japan), a quartz furnace, a Nippon Jarrell-Ash AA-782 atomic absorption spectrometer (Kyoto, Japan) and a Yanagimoto YR-110 recorder (Kyoto, Japan). The gas chromatograph was equipped with a split/splitless injector and a DB-1 fused silica Megabore column (30 m´0.53 mm i.d., film thickness 1.5 mm, J&W Scientific, Folsom, CA, USA). A Hamamatsu Photonics tin hollow cathode lamp was used under the following operating conditions: wavelength 224.6 nm, lamp current 12 mA, slit width 100 mm and sensitivity 3
times.
An open-ended tube furnace was constructed from a quartz tube 18 mm o.d. 22 cm long, as shown in Fig. 2 . The furnace was fused at the center with three quartz tubes. The central parts of the furnace (16 cm) were wound with 45 turns of 0.5-mm Kanthal alloy wire holding an asbestos line between the wire and were wrapped triply with quartz tape 3 cm wide. The furnace was clamped with four porcelain segments and was aligned in the optical pathway of the atomic absorption spectrometer. The outlet of the capillary column in the oven was connected with approximately 60 cm of a deactivated fused silica tube (J&W, 0.53 mm i.d.) through a union (GL Sciences, MVSU/008). The deactivated tube was passed into an aluminum tube (8 mm o.d., 50 cm long) from the oven to the furnace and was inserted into a graphite ferrule (GL Sciences GI-0. 8 with 40 turns of 0.5-mm Kanthal alloy wire and wrapped with a quartz tape 3 cm wide. Flow meters adjusted with a needle valve (RK1200, Kojima Manufactory, Tokyo, Japan) were used to measure the flow rates of hydrogen and oxygen. Helium (purity, 99.9999%) was used as carrier gas. The furnace temperature was measured with an HI-93530 K-thermocouple thermometer with an HI 766PE2 sensor (Hanna Instruments, Tokyo, Japan).
Reagents
All reagents used were of analytical reagents grade purity. Stock standard solutions (1000 mg l -1 ) of tributyltin chloride and triphenyltin chloride were prepared by dissolving 0.290 g of tributyltin chloride (purity 95%, Wako Pure Chemicals, Tokyo, Japan) and 0.331 g of triphenyltin chloride (Wako) in 100 ml of ethanol, respectively. Calibration solutions (0.8 mg ml -1 ) of the chlorides were prepared by serial dilution of the stock standard solutions with ethanol.
Analytichem Bondesil SCX cation exchange solid sorbent (Varian Analytical Instruments, San Fernando, CA, USA) was packed into a Pyrex glass column 5 cm high as shown in Fig. 3 . The lid of the column was clamped with a KC-19 Keck & Partner joint clip (Schott Glaswerke, Wertheim, Germany). The sorbent is composed of silica gel (porosity of 40 mm) modified with propylbenzenesulfonic acid. The sorbent was washed sequentially with 10 ml each of 2 M hydrochloric acid, water, ethanol-water (1:1) and ethanol before use by use of nitrogen as gas pressure. A methanol solution of 1 M hydrochloric acid was prepared by mixing 1 ml of concentrated hydrochloric acid with 10 ml of methanol before use. A 1% sodium tetrahydroborate(III) (Ventron Division, Morton Thiokol, Japan) solution was prepared by dissolving 0.05 g of sodium tetrahydroborate(III) in 5 ml of ethanol before use.
Recovery check
To deionized water (800 ml) spiked with 2 mg each of tributyltin chloride and triphenyltin chloride were added 10 ml of concentrated hydrochloric acid and 20 g of sodium chloride in a 1-l separating funnel. The organotins were extracted twice with 50 ml each of hexane by shaking with an Iwaki KM mechanical shaker (Tokyo, Japan) for 10 min. The extract was concentrated up to approximately 5 ml at 35˚C in an EYELA N-1 rotary vacuum evaporator (Tokyo Rikakikai, Tokyo, Japan) and then concentrated up to 0.3 ml in a 10 ml-Reacti-Vial (Pierce, Rockford, IL, USA) by blowing nitrogen gas. After being diluted twice with 5 ml each of ethanol, the solution was passed through the Bondesil column by nitrogen gas pressure. The organotins adsorbed were eluted with 10 ml of 1 M hydro- 858 ANALYTICAL SCIENCES AUGUST 1998, VOL. 14 Fig. 1 Schematic diagram of gas chromatograph-atomic absorption spectrometer. chloric acid-methanol solution into a 100-ml separating funnel. The eluate was hydradized with 5 ml of 1% sodium tetrahydroborate(III) solution by standing for 30 min. The tin hydrides were extracted twice with 2.5 ml each of hexane by addition of 10 ml of 10% sodium chloride solution. The hexane phase was washed with 10 ml of water. The solution (5 ml) was injected to the injection port of the apparatus.
Analysis of seawater
Seawater (1 to 3 l) was treated by the procedure described above.
Measurement
The operating conditions are listed in Table 2 . The furnace and the transfer line were heated separately by applying the voltages with variable transformers (RSA-20, 20 kVA, Tokyo Rikosha, Tokyo, Japan). Hydrogen and oxygen gases were ignited by raising the column temperature to 670˚C. After the temperature was settled down to 580˚C, the sample solution was injected at the splitless mode, followed by starting the GC oven program. Figure 4 shows the effect of the flow-rate of carrier gas on the peak height. The height increased and reached a maximum as the flow-rate was increased. For the determination, a flow-rate of 130 ml min -1 was used. Figure 5 shows the effect of flow-rate of hydrogen gas on the peak height. The height decreased with increasing the flow-rate. Atomization of tin is caused with collisions of alkyltin hydrides with hydrogen atoms. 13 Therefore larger hydrogen gas is favorable to form larger hydrogen atoms. However, the dwelling time of hydrogen atoms in the furnace will be decreased with increasing the flow-rate of hydrogen. For the determination, a flow-rate of 120 ml min -1 was used. Figure 6 shows the effect of the flow-rate of oxygen gas on the peak height. The height increased and reached a maximum as the flow-rate was increased. For the determination, a flow-rate of 60 ml min -1 was used. Figure 7 shows the effect of the lamp current on the peak height. The increase of the height is not so steep 859 ANALYTICAL SCIENCES AUGUST 1998, VOL. 14 Table 2 Operating conditions of the gas chromatographatomic absorption spectometer Fig. 4 Effect of the carrier gas flow rate on the peak height: , tributyltin (5 ml of 0.8 mg ml -1 ); , triphenyltin (5 ml of 0.8 mg ml -1 ). Flow rate of hydrogen gas, 120 ml min -1 ; flow rate of oxygen gas, 60 ml min -1 ; transfer line temperature, 290˚C; furnace temperature, 580˚C. Fig. 5 Effect of hydrogen gas flow rate on the peak height:
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Effect of the flow-rate of carrier gas
Effect of the flow-rate of hydrogen gas
Effect of the flow-rate of oxygen gas
Effect of the lamp current
, tributyltin (5 ml of 0.8 mg ml -1 ); , triphenyltin (5 ml of 0.8 mg ml -1 ). Flow rate of helium gas, 130 ml min -1 ; flow rate of oxygen gas, 60 ml min -1 ; transfer line temperature, 290˚C; furnace temperature, 580˚C.
with increasing the current. Therefore 12 mA of the current was used. There are two analytical lines, 224.6 and 286.3 nm for the determination of tin. Since the heights due to the former wavelength are higher than those by the latter, the former line was used for the determination. Figure 8 shows the effect of temperature of the transfer line on the peak height. The height increased and reached a maximum as the temperature was increased. The organotin hydrides would be decomposed with increasing the teperature. For the measurement, a temperature of 290˚C was used. Figure 9 shows the effect of temperature of the furnace on the peak height. As well, the height increased and reached a maximum as the temperature was increased. Atomization of tin would be prevented at high temperatures above 580˚C. For the determination, a temperature of 580˚C was used.
Effect of temperature of the transfer line
Effect of temperature of the furnace
Recovery check
Recoveries spiked with 2 mg of tin in 800 ml of water were 97.5 and 99.3%.
Analysis of seawater
The seawater samples were taken at some bays and marinas in Shonan District of Japan. As shown in 860 ANALYTICAL SCIENCES AUGUST 1998, VOL. 14 Fig. 7 Effect of the lamp current of the hollow cathode lamp on the peak height: , tributyltin (5 ml of 0.8 mg ml -1 ); , triphenyltin (5 ml of 0.8 mg ml
). Flow rate of helium gas, 130 ml min -1 ; flow rate of hydrogen gas, 120 ml min -1 ; flow rate of oxygen gas, 60 ml min -1 ; transfer line temperature, 290˚C; furnace temperature, 580˚C. Fig. 9 Effect of the temperature of the transfer line on the peak height: , tributyltin (5 ml of 0.8 mg ml -1 ); , triphenyltin (5 ml of 0.8 mg ml -1 ). Flow rate of helium gas, 130 ml min -1 ; flow rate of hydrogen gas, 120 ml min -1 ; flow rate of oxygen gas, 60 ml min
; furnace temperature, 580˚C. ). Flow rate of helium gas, 130 ml min
; flow rate of hydrogen gas, 120 ml min -1 ; transfer line temperature, 290˚C; furnace temperature, 580˚C. ). Flow rate of helium gas, 130 ml min -1 ; flow rate of hydrogen gas, 120 ml min -1 ; flow rate of oxygen gas, 60 ml min
; transfer line temperature, 290˚C. Table 3 , the concentration of tributyltin ranged from 2 to 3 ng l -1
. It denotes that tributyltin is still remaining in seawaters where fishing boats and yachts are anchored.
Detection limits
The detection limits (three times the signal-to-noise ratio) of tributyltin and triphenyltin were 105 and 165 pg, respectively. Precisions evaluated by nine replicate injections of 5 ml each of 0.4 mg ml -1 tributyltin and triphenyltin solutions were 5.84 and 6.64%, respectively. Although the detection limit of GC-AAS is not so high as those of AED, FPD, ICP-MS by GC separation 6 , the apparatus described above is convenient and inexpensive. Since various detergents and sewages are flowed in coastal seawaters, several ghost peaks appear in GC-ECD even if the samples are pretreated by cleanup. The peaks by capillary column GC-AAS are sharp without any ghosts. (Received February 25, 1998) (Accepted May 11, 1998) 861 ANALYTICAL SCIENCES AUGUST 1998, VOL. 14 
